does not Expression patterns of various genes (indicated bottom right) in show major differences to a tree based on the homeodomains alone the neural plate and brain of wild-type embryos at various stages (data not shown). (indicated top right). Anterior is to the top in the animal pole views (A-D) and to the left in the lateral views (E-J). The approximate limits of the neural plate are indicated in (A), and the arrowhead in (F)
Potential targets of Hh signaling in the CNS include several members of the Nk2 family of homeobox genes. One such gene is nkx2.1 (also known as TTF1), which ways are used to pattern ventral regions of the entire CNS, the ways in which these pathways function and is expressed in the hypothalamus and the medial ganglionic eminence of the ventral telencephalon, and mice interact may differ at different axial levels. lacking Nkx2.1 function exhibit severe neuronal differentiation defects in both regions (Kimura et . changes within the diencephalon and telencephalon, we examined other forebrain markers. bf1 expression is
In syu Ϫ/Ϫ embryos, nk2.1b expression is slightly reduced in the telencephalon, but there is no obvious relatively unaffected in shh-injected embryos, reflecting the normal subdivision of forebrain into telencephalic change to nk2.1a expression in the hypothalamus (data not shown). In contrast to the relatively normal nk2.1a and diencephalic territories ( Figures 4I and 4J) other 21 embryos. In accordance with smu Ϫ/Ϫ embryos, the much weaker nk2.1b expression in the hypothalamus was retained in cPKA-injected embryos. Indeed, nk2.1a expression was not severely affected in cPKAembryos ( Figures 5B, 5D, 5H, and 5J) , revealing an essential requirement for Hh signaling in the establishment injected embryos, and most (98 of 111) embryos showed relatively normal expression ( Figure 4E) , with the reof ventral telencephalic nk2.1b expression. At 24 hr, hypothalamic nk2.1a expression is variably reduced in maining 13 exhibiting altered shapes and sizes of the expression domains coincident with unspecific body smu Ϫ/Ϫ embryos ( Figures 5A and 5C) . By 36 hr, it is evident that some posterior hypothalamic tissue is presshape abnormalities. Higher concentrations of cPKA injection led to high rates of unspecific defects but still ent in smu Ϫ/Ϫ embryos but fails to express nk2.1a, while anterior hypothalamic tissue expresses nk2.1a at redid not abolish nk2.1a expression (data not shown). duced levels (Figures 5G and 5I ).
To we assessed the ability of Shh to restore nk2.1 gene restores some nk2.1a expression in the mid-diencephalon around the location at which the zona limitans intraexpression in embryos with compromised Nodal activity. thalamica would normally form ( Figures 6C, 6F , 6I, and 6L). This is the position at which residual shh expression Shh overexpression efficiently induces nk2.1b throughout the DV extent of the telencephalon of all classes of is sometimes detected in Nodal pathway mutants (Figure 3) . In no case was nk2.1a expression detected in embryos with deficiencies in Nodal signaling (compare Figures 6A, 6D, 6G, and 6J to 3B, 3E, 3H, and 3K Figures 6N  and 6Q ). Reflecting the situation in wild-type embryos, we localized the production of Shh to the anterior neural ectoderm of Nodal signaling-deficient embryos. To shh overexpression had little or no effect upon the pantelencephalic marker bf1 (Figures 6M and 6P ). 
